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KOLSTER OY AB 
Iso Roobertinkatu 23 
P.U. Box i4o 
Fin-00121 Helsinki 
FINLANDE 


Date of mailing (day/month/year) 

04 January 2001 (04.01.01) 




Applicant's or agent's file reference 
2990497PC/nu 


IMPORTANT NOTICE 


International application No. 
PCT/FIOO/00220 


International filing date (day/month year) 

17 March 2000 (17.03.00) 


Priority date (day/month/year) 
24 June 1999 (24.06.99) 


Applicant 

HYOTY, Heikki et a! 



1. Notice is hereby given that the international Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AG,AU,DZ,KP,KR,US 



In accordance with Rule 47. 1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE,AL,AM,AP,AT,AZ,BA,BB,BG,BR,BY,CA,CH,CN,CR,CU,C2,DE,DK,DIVI,EA,EE,EP,ES,FI,GB,GD, 

GE,GH,GM,HR,HUJD,ILJNJSJP,KE,KG,KZ,LC,LKXR,LS,LT,LU,LV,MA,MD,MG.MK,MN,MW,MX 

NO,NZ,pA,PUPT,RO,RU,SD,SE,SG,SI,SK,SUTJ,TMJR,TLTZ,UA,UG,UZ,VN,YU,ZA,ZW 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
04 January 2001 (04.01.01) under No. WO 01/00236 

REMINDER REGARDING CHAPTER II (Article 31{2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
rightto file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT IB 301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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KOLSTER OY AB 
Iso Roobertinkatu 23 
P.O. Box 148 
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FINLANDE 



Applicant's or agent's file reference 
2990497PC/nu 


IMPORTANT INFORMATION 


International application No. 
PCT/FIOO/00220 


International filing date {day/month/year) 

17 March 2000 (17.03.00) 


Priority date (day/month/year) 

24 June 1999 (24.06.99) 


Applicant 

HYOTY, Heikki et al 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following 
Offices of its election: 

AP :GH,GM,KE,LS,MW,SD,SL,SZ,TZ,UG,ZW 

EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE 

National :AU,BG,CA,CN,CZ,DE,IL,JP,KP,KR,MN,NO,NZ,PL,RO,RU,SE,SK,US 

Offices h?ve waived tt^e requirement for rh*» notifjr^itinn of thpir piftrtinn: the notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,K2,MD,RU,TJTM 

OA :BF,BJ,CF,CG,CI.CM,GA,GN,GW,ML,MR,NE,SN,TD,TG 

National :AE,AG,AUAM,AT,AZ,BA,BB,BR.BY,CH,CR,CU,DK,DIV1,DZ,EE,ES,FI,GB,GD, 

GE,GH,GM,HR,HUJDJNJS,KE,KG,KZXC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MW,MX, 

PT,SD,SG,S1,SLJJ,TIV1,TR,TT,TZ,UA,UG,UZ,VN,YU,ZA,ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months fronn the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translation of the international application {Article 39(l)(a)). as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent. 
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Applicant s or agent's file reference 
2990497PC/or 


See Notification of Transmittal of Intemational 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


Intemational application No. 
PCT/FIOO/00220 


Intemational filing date (day/month/year) 
17/03/2000 


Priority date (day/month/year) 
24/06/1999 


International Patent Classification (IPC) or national classification and IPC 
A61K39/125 


Applicant 






HYOTY, Heikki et al. 









1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36, 



2. This REPORT consists of a total of 8 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
I S Basis of the report 



II 




Priority 


III 




Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


Vlt 


□ 


Certain defects in the international application 


VIII 




Certain observations on the international application 



Date of submission of the demand 
10/01/2001 


Date of completion of this report 
31.08.2001 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
D-80298 Munich 

Tel +49 89 2399 - 0 Tx: 523656 epmu d 
Fax -49 89 2399 -4465 


Authorized officer ^-r^jTrr-^ 
Favre. N ij. ^ l) 

Telephone No +49 89 2399 7363 ^-..^wj^/ 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/FIOO/00220 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 

the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 

1-26 as originally filed 

Claims, No.: 

1-35 as originally filed 

Drawings, sheets: 

1/1 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ 



the drawings, 



sheets: 



5, □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 

report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed Invention appears to be novel, to involve an Inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire International application. 

^ claims Nos. 19-33 and 35, with regard to industrial applicability. 



S the said international application, or the said claims Nos. 19-33 and 35 relate to the following subject matter 
which does not require an international preliminary examination (specify): 
see separate sheet 

□ the descnption, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



because: 



1. 



Statement 



Novelty (N) 



Yes: 



Claims 1-1 1 and 14-35 
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No: 



Claims 



12, 13 



Inventive step (IS) 



Yes 
No: 



Claims 
Claims 



1-11 and 16- 35 
12-15 



Industrial applicability (lA) Yes: 

No: 



Claims 
Claims 



1-18 and 34 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1 , Claims 1 9-33 and 35 relate to subject-matter considered by this Authority to be 
covered by the provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be 
formulated with respect to the industrial applicability of the subject-matter of these 
claims (Article 34(4)(a)(i) PCT). 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . For the assessment of the present claims 1 -35 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, 
for example, does not recognise as industrially applicable the subject-matter of 
claims to the use of a compound in medical treatment, but may allow, however, 
claims to a known compound for first use in medical treatment and the use of such 
a compound for the manufacture of a medicament for a new medical treatment. 



2. The present invention relies on the surprising findings that in the Finnish 

population, the birth cohort which has been immunised by live poliovirus vaccine 
(OPV) has a significantly lower cumulative incidence of type 1 diabetes meilitus 
(IDDM) than the birth cohort that has been vaccinated with inactivated poliovirus 
vaccine (IPV) only (page 14, lines 14-36 and Figure 1). Moreover, the children 
whose mother had been vaccinated with OPV during pregnancy also have a 
significantly lower cumulative incidence of IDDM when compared to the children 
whose mother had been vaccinated with IPV during pregnancy. 
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2.1 Document D1 (Drug Safety, 1999, 20(3):207-212) hypothesises that IDDM could 
be induced by coxsackie B-enterovirus (page 210, column 1, lines 17-36) and 
discloses (cf. abstract) that poliovirus vaccine (IPV) could protect against IDDM 
which is a non-polio enterovirus disease. 

Document D2 (Journal of Medical Virology, 1998, 54:226-232) strongly sustains 
this hypothesis by showing that there is a correlation between the cellular immune 
response (T-cell proliferation) to polioviruses (IPV) and to coxsackievirus B4 (page 
227, column 2, lines 29-48), 

Whereas D1 and D2 only refer to inactivated poliovirus vaccine (IPV = Salk 
vaccine), document D3 (American Family Physician, 1999, 59(1 ):1 13-1 18; this 
document was not cited in the international search report) refers to the different 
poliovirus vaccine options (e.g. Table 1), comprising either IPV, oral poliovirus 
vaccine (OPV) and combination thereof. 

2.2 However, neither D1 , D2 or D3, nor any of the prior art documents cited discloses 
or fairly suggests the particular use of OPV for the manufacture of a vaccine 
against non-polio enterovirus diseases, e.g. IDDM, as defined in independent 
claim 1 . Hence, the subject-matter of independent claim 1 is novel and inventive in 
the sense of Articles 33(2) and 33(3) PCT. 

2.3 Dependent claims 2-1 1 further define specific embodiments of the novel and 
inventive use of claim 1 . Dependent claims 2-1 1 are thus also considered to meet 
the requirements of Articles 33(2) and 33(3) PCT. 



3. Document D3 discloses (e.g. Table 1) vaccines comprising combinations of IPV 
and OPV. Document D2 discloses that IPV induces a cellular immune response 
(T-cell proliferation) to polioviruses and to non-polio enteroviruses (e.g. page 230, 
column 1 , line 3 - column 2, line 1 9). The applicant argued that the vaccine of 
independent claim 12 differ from those of D3 in that they comprise an oral 
poliovirus vaccine and a non -polio enterovirus vaccine. This is however not 
reflected in the wording of the claim which leaves the nature of the second 
vaccine open, i.e. any vaccine, for example IPV (see also dependent claim 13). 
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Hence, the vaccines defined in claims 12 and 13 are not novel over the vaccines 
of D3. 

Said claims 12 and 13 thus do not meet the requirements of Article 33(2) PCT. 

3.1 The problem to be solved in claims 14 and 15 could be seen as the provision of a 
vaccine against non-polio enterovirus diseases. 

As argued by the applicant, the disclosures of D1-D3 and the general knowledge 
in the art at the time was that enterovirus-based vaccines could lead to 
detrimental cross-reactivity, and for instance induce autoimmune diseases as 
IDDM. This is also illustrated by the examples of the present application (see Item 
VIII, point 2.). Thus it is agreed that the skilled person would not have been 
prompted to combine OPV with enterovirus antigens in view of the teachings of 
D2 and D3 (see above). 

However, the application as filed fails to convincingly demonstrate that the 
vaccines defined in dependent claims 14 and 15 effectively protect against non- 
polio enterovirus diseases. In view of the above, there are thus substantive doubts 
whether the claimed vaccines solve the above-mentioned technical problem over 
its whole range. 

Given these doubts, claims 14 and 15 are not considered to provide a solution to 
said problem over their whole range and thus cannot be considered as being 
inventive in the sense of Article 33(3) PCT. 



4. The subject-matter of claims 16-18 does apparently not differ from that defined in 
independent claim 1 , in view of the embodiments defined in dependent claims 1 1 , 
3, 6 and 7 (see also Item VIII, points 1. and 2.). Thus, in the light of the 
argumentation of points 2.-2.3 above, said claims 16-18 are also considered to be 
novel and inventive in the sense of Articles 33(2) and 33(3) PCT. 



5. The argumentation of points 2.-2.3 above also applies for the methods of 

preventing non-polio enterovirus diseases, e.g. IDDM, defined in claims 19-34 and 
35 (see also Item VIII point 2.). 

Hence, claims 19-34 and 35 meet the requirements of Articles 33(2) and 33(3) 
PCT. 
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6. Accordingly, the vaccine defined in claim 34 is also considered to be novel and 
inventive in the sense of Articles 33(2) and 33(3) PCT (see also Itenn VIII point 2.). 



Re Item VIII 

Certain observations on the international application 

1. Although claims 1, 2 and 16 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter and to differ from each 
other only with regard to the definition of the subject-matter for which protection is 
sought and in respect of the terminology used for the features of that subject- 
matter. The aforementioned claims therefore lack conciseness. Moreover, lack of 
clarity of the claims as a whole arises, since the plurality of independent claims 
makes it difficult to determine the matter for which protection is sought, and places 
an undue burden on others seeking to establish the extent of the protection. 
Hence, claims 1, 2 and 16 do not meet the requirements of Article 6 PCT. 

1.1 Similarly, claims 19-23, 26, 31 and 35, which have been drafted as separate in- 
dependent claims, appear to relate effectively to the same subject-matter. Said 
claims 19-23, 26, 31 and 35 thus do not meet the requirements of Article 6 PCT. 



2. As presented in the description and emphasised by the applicant in its letter of 
reply, the present invention is based on the finding that OPV administration can 
protect against non-polio enterovirus diseases, e.g. IDDM. Furthermore, in the 
experimental section of the description, evidence is provided that IPV (not OPV) 
worsen the course of coxsackievirus B3 in a murine experimental model. Thus, it 
is clear from the description and from the arguments presented by the applicant 
that OPV is essential to the definition of the present invention. 
Since independent claims 16, 31 and 34 do not contain this feature, they do not 
meet the requirement following from Article 6 PCT taken in combination with Rule 
6.3(b) PCT that any independent claim must contain all the technical features 
essential to the definition of the invention. 
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Influence Df nost related factors on the antibciy response to trivalent 
oral polio vaccine in Tunisian infants. 
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Main Citation Owner: NLM 

Record type: Completed 

The low efficiency of trivalent cral polio vaccine (TOPV) in inducing 
protective antibody titres to polioS is a problem of great importance in 
many regions of the world. A prospective study was conducted in 121 
Tunisian infants aged 3 months during routine immunization with TOPV under 
carefully controlled conditions. Seroconversion rates to poliol, polio2 and 
polioS, one month after the third dose, were 94.7, 100 and 89.5'r, 
respectively. The kinetics of the antibody response showed delayed and more 
difficult responses to polioS compared to polio2 and poliol. The following 
host related factors, previously suggested to interfere with the immune 
response, were assessed: maternal antibodies; breast-feeding; concurrent 
enteric infections; and other illnesses. The main factor associated with 
the lack of seroconversion was concurrent infection with non-polio 
enteroviruses (NPE) which was found in 50* of non- responders to poliol 
and/or to polio3 during the vaccination protocol whereas no NPE was 
isolated in vaccine responders. The other studied factors seemed not to 
interfere in the infants according to the locally adopted vaccination 
schedule and to the specific socio-economic conditions. 
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C'ral polio vaccination during pregnancy: lack of impact on fetal 

develofiment and perinatal jut ::ome . 

Ha r ] ulehto-Mervaala T; Aro T; Hiilesmaa V K; Hovi T; Saxen H; Saxen L 
E'epartment of Pathology, University of Helsinki, Finland. 

Clinical infectious diseases - an official p-ublication of the Infectious 
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Prompted b^' a nascent epidemic of policmyeli tis in Finland, a mass 
vaccination program with live oral poliovirus vaccine (OPV) was implemented 
in February and March 1^85. The final rate of coverage was approximately 
94*. Pregnant women were included, and a cohort study was launched to 
evaluate any harmful effects of OPV on the developing embryo. All records 
of births to mothers who were pregnant during the period of vaccination and 
whose infants were delivered at the three major hospitals in the Helsinki 
area were reviewed. Within the study cohort, mothers were grouped into 
three categories according to their trimester of pregnancy during the 
program. In addition, two reference cohorts were evaluated; these cohorts 
consisted of infants delivered at the same hospitals during the second half 
of 1984 and of 1986, respectively. Each of the three categories in the 
study cohort included approximately 3,000 children, while each reference 
cohort included approximately 6,000 children. Data were analyzed on the 
rate of intrauterine growth and the prevalences of stillbirth, neonatal 
death, congenital malformation, premature birth, perinatal infection, and 
neurological aberration. No differences were documented among the study and 
reference cohorts or among the three categories within the study cohort. 
Thus, under the conditions described here, the inclusion of pregnant women 
in prcgrams of mass vaccination with OPV appears to be safe. 
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CPV vs IPV- - could f'lacental immunity reduce the number of 
vaccine-associated paralytic p'oliomLyeli tis ? 
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Oral polio vaccination in infants: beneficial effect of additional dose 
at birth. 
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This study was done to assess the response :f newborns to trivalent oral 
polio vaccine and to study any efficacy of OPV if given to infants on third 
day of life. The study was conducted in two groups, A (87) and B (55) of 
infants in Delhi, India. In group A, the children received one birth dose 
or '0' dose of TOPV, followed by 3 conventional doses started at 6 weeks, 
and in group B the children received only 3 doses of OPV. Pre and one month 
post immunization serum samples were tested for the presence of 
neutralising antibodies. In addition, in group A serum samples were 
collected at 6 weeks before the administration of 1st dose to see the sero 
response following '0' dose of TOPV. It was found that administration of 
OPV on 3rd day of life leads to sero conversion in 15. 3 ^ of infants to all 
three polio virus types by the age of 6 weeks, and highest sero response 
was seen for polio virus type 1. Sero-conversion in group A was 
significantly more than sero-conversion in group B after the administration 
of last dose. Thus the study has established that immunization of newborns 
with TOPV is a safe and effective means for improving protection against 
the disease. 
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'Iral pzlijvirus vaccination and pregnancy complicati Dns . 
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BACr^GPJjUNO . To determine whether the effect of live attenuated oral polio 
virus vaccine given to pregnant women increases pregnancy complications. 
METHODS. A study of women who had been vaccinated against poliovirus during 
a national vaccination camptaign and who had delivered by cesarean section 
in three obstetrical hcspitals in southern Finland. One thousand seven 
hundred and forty-seven vaccinated women (m three study cohorts), and 
their 2293 nonvaccinated controls (in two reference cohorts) were analyzed. 
Subjects are out of 22,000 deliveries evaluated earlier. RESULTS. 
Vaccinated sectioned women did not show an excess of pregnancy 
complications. The mean rate of cesarean sections was 18.4* in the study 
cohorts and 18. 9'^ in the reference cohorts counted from the 22,000 
deliveries. CONCLUSIONS. Oral live attenuated polio virus vaccine does not 
in rrease pregnancy complications and is considered a safe alternative for 
vaccinating pregnant women . 
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Coxsackievirus B3-induceci myocarditis. Characterization of stable 
attenuated variants that protect against infection with the cardiovirulent 
wild-type strain. 

Zhang H; Morgan-Capner P; Latif N; Pandolfino Y A; Fan W; Dunn M J; 
Ar chard L C 

Department of Biochemistry, Charing Cross and Westminster Medical School, 
University of London, United Kingdom. 
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Coxsackievirus 83 {CVB3) is the enterovirus most frequently involved in 
human myocarditis or dilated cardiomyopathy. Attenuated variants were 
derived from a cardiovirulent CVB3 reactivated from a sequenced, 
full-length cDNA clone. The prophylactic potential of these variants was 
assessed in SWR/Ola (H-2q) mice. Animals immunized with attenuated variants 
of CVB3 were protected from m^y'ocardi tis when challenged subsequently with 
the cardiovirulent wild-type virus. In contrast to nonimmunized controls, 
the wild-type virus was not isolated from myocardium of protected mice, nor 
was viral RNA detected in myocardium by reverse transcription nested 
polymerase chain reaction. Specific antibody to CVB3 was demonstrated by 
virus neutralization assay and by inairect immunofluorescence. The 
attenuated phenotype of one variant, pl4V-l, remained stable throughout 20 
consecutive passages m SWR mice and induced a markedly lower level of 
autoantibody against mouse cardiac myosin heavy chain than the 
cardiovirulent wild type. These data demonstrate that attenuated strains 
protect against CVB3-induced myocarditis in mice, that the attenuated 
phenotype is stable, and that they do not persist in myocardium nor induce 
a significant level of anti-heart anti-body against myosin heavy chain. 
These attenuants may be the basis of a live vaccine against CVB3 in the 
prevention of enteroviral heart muscle disease. 
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[The latest on enterovi ruses in human pathology] 
Actualite des enterovirus en pathologie humaine. 
Pozzetto B; Bouriet T 

Laboratoire de bacteriologie-virolDgie, Faculte de medecine, J.-Lisfranc, 
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Annales de biologie clinique (FRAI^CE) May-Jun 1997, 55 (3) pl83-8, 
ISSN 0003-3898 Journal Code: 298465DR 

Document type: Journal Article; Review; Review, Tutorial ; English 
Abs t ract 

Languages : FRENCH 

Main Citation Owner : NLM 

Record type : Completed 

Enteroviruses are small RNA viruses belonging to the Picornavi ridae 
family. At least 65 serotypes have been described, including polioviruses , 
coxsackieviruses A and B, echoviruses and unclassified enteroviruses. 
Because of the absence of envelope they are relatively resistant to 
physical and chemical agents. They are mainly transmitted by the oral-fecal 
mode, but respiratory and mucosal transmissions are also possible. In 
humans, enteroviruses have been involved in miscellaneous acute infections 
and more recently in persistent infections (chronic meningoencephalitis in 
agammaglobulinemic patients, post-polio syndrome, chronic myocarditis and 
dilated cardiomyopathy, insulin-dependent diabetes melli tus . . . ) . Hypotheses 
in the relation between enterovirus persistence and chronic infections are 
formulated. The virological diagnosis of enterovirus infections is 
discussed, with a special focus on genomic application techniques (PCR) 
that are renewing the interest for this family of viruses in clinical 
pathology. If the role of enteroviruses in chronic pathologies is 
confirmed, the development of new therapeutic approaches {including 
vaccines and antiviral agents) will be needed. (43 Refs.) 
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High yield production of an inactivated coxsackie B3 adjuvant vaccine 
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Scandinavian journal of infectious diseases. Sup'plementum (SWEDEN) 1993 
, 88 pl03-8, ISSN 0300-8378 Journal Code: C251025 
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E'ilated cardiomyopathy, perhaps chronic postviral fatigue syndrome as 
well as juvenile diabetes could be triggc-red by enteroviral infections. The 
frequency of sudden death after myocarditis and its relationship to 
enteroviral infections is disputed. Neonatal enteroviral disease is rare, 
but can be severe. It is also p-ossible that enteroviruses pose a threat to 
immunocompromised patients, like bone marrow transplant recipients. 
Consequently, the emergence of chronic entercviral diseases as a concept, 
prompted our attempts to produce an enteroviral vaccine. 1. Live attenuated 
enterovirus strains were previously in some cases shown to be suitable as 
vaccine candidates. We obtained neutralizing antibody titres ranging from 
40-2560 against Coxsackie B3 virus (RD strain) . Animals were protected to 
90* against challenge infection. 2. Inactivated whole vaccine. We used 
beta-propiolactone to inactive Coxsackie B3 virus. 74^ of the animals 
survived if the vaccine was prepared with Quil A matrix as adjuvant. The 
neutralisation antibody titres varied from < 5 to 320. By comparison 
aluminium hydroxide (p = 0.06) and Freund's adjuvant were inferior (p < 
0,01). 3. Subunit vaccines. We have previously used the ISCOM 
{ immunostimulatory complex) technology to produce a Coxsackie 83 subunit 
vaccine. High levels of neutralizing antibodies were obtained 
( 512 ) -comparable to natural infection. All animals survived challenge 
infection after two booster doses with 16 nanogram of the ISCOM 
preparation. Limiting for this technique was the availability to include 
sufficient amount of antigenic protein material. In addition to 
neutralizing antibodies a cellular response might be obtainable. In 
conclusion we have shown that vaccine can be made against Coxsackie B3 
virus with good protective effect and significant neutralisation antibody 
tit re. (ABSTRACT TRUNCATED AT 2 50 WORDS) 
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Infections and risk of Type I ( msulin-dependent ) diabetes mellitus m 
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AIMS/HYPOTHESIS: The role of infections in the aetiology of Type I 
diabetes is controversial. Certain enteroviral infections might be involved 
in triggering the beta-cell destruction but insufficient exposure to early 
infections might increase the risk. We studied how the number of infections 
experienced during several periods from birth to onset influence diabetes 
risk. METHODS: The study group came from the five largest Lithuanian 
cities: 124 patients, selected from the 0-14 years-of-age childhood 
diabetes register and 372 population-k-ased control subjects matched with 
them for age group and sex. Information about infections and duration of 
breastfeeding was collected from health care booklets, other data from a 
mailed questionnaire, returned by 94.4* of patients and 72.6 * of control 
subjects. RESULTS: One or more infections experienced during the first half 
year of life tended to reduce diabetes risk. Crude odds ratios (95* 
confidence intervals) in the 0-14, 0-4 and 5-14 years-of-age groups were 
0.66 {0.42-1.04), 1.06 (0.48-2.36) and 0.52 (0.30-0.90) respectively. 
Adjustment for the duration of breastfeeding, number of people in the 
household, duration of mother's education and birth order of the index 
child made little difference. Odds ratios (95 ^ confidence intervals) in 
the 0-14, 0-4 and 5-14 years-of-age groups were 0.60 (0.37-0.98), 0.94 
(0.40-2.20) and 0.47 (0.26-0.87), respectively. The number of infections 
recorded during the last pre-onset year or from birth to onset did not 
influence diabetes risk. CONCLUS ION/ INTERPRETATION : Exposure to infections 
early in life could decrease diabetes risk, particularly for children 
diagnosed after the age of 4 years. 
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Insulin-dependent diabetes mellitus (IDDM) is a multifactorial disease. 
Besides a genetic predisposition environmental factors have been implicated 
in the pathogenesis of beta ::ell destruction. Among these environmental 
factors viruses have been the focus of many studies. Some viruses are 
diabetogenic in animals, and others have been implicated as triggers in 
hum.an IDDM by temporal and geographical association between IDDM and viral 
infections, serological evidence of infection in recently diagnosed 
diabetic patients, and the isolation of viruses from the pancreas of 
affected individuals. We discuss possible pathomechanisms of viral 
infections in beta cell destruction and review the studies on involvement 
of enteroviruses, retroviruses, rubella viruses, cytomegaloviruses, and 
Epstein-Barr viruses in human IDDM. We also report on studies of 
diabetogenic viruses in animal models as well as on viral infections 
protecting from IDDM. Some of the difficulties in linking viral infections 
to IDDM will be illustrated with data from a transgenic mouse model in 
which IDDM can be precipitated by infections with certain strains of 
lymphocytic choriomeningitis virus (LCMV). Emerging treatment concepts that 
do not rely on defining the initiating autoantigens but involve 
self-reactive regulatory lymphocytes such as oral antigen administration, 
as well as DNA vaccines, will be discussed briefly. (102 Refs.) 
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Insulin-dep-endent diabetes mellitus (IDDM) in humans and the non-obese 
diabetic mouse is a polygenic disease, resulting from an autoimmune 
destruction of the insulin-secreting p-ancreatic beta cells. At least in NOD 
mice, the process is mediated through a T helper 1-cell-mediated 
cytotoxicity pathway. Although there is much circumstantial evidence to 
suggest that IDDM is environmentally induced, recent studies support the 
possibility that the inductive event involves cross-reactive immune 
responses to antigenic epitop-es acting as molecular mimics between 
microbial proteins and autoantigens expressed by pancreatic 
insulin-secreting beta cells. The following article reviews the evidence 
for this concept. (37 Ref s . ) 
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Prevention of Type 1 diabetes and other non-polio enterovirus diseases 
Field of the invention 

The invention relates to the prevention of Type 1 diabetes and other 
5 non-polio enterovirus diseases by a novel vaccination regime based on exten- 
sive immunisations by currently available oral poliovirus vaccine (OPV) and/or 
by new non-polio enterovirus vaccines. 

The invention provides prevention of Type 1 diabetes mellitus 
(IDDM) and other non-polio enterovirus diseases by eliminating the risk effect 
10 of enterovirus infections. This is achieved by a novel immunisation regime, 
which is based on the induction of systemic and local mucosal Th1-type T-cell 
immunity by oral poliovirus vaccinations and optionally induction of Th2-type 
humoral immunity by a new enterovirus vaccine which induces neutralizing 
antibodies against appropriate enterovirus serotypes. These two regimes can 
15 be used separately or in combination. 

More precisely the present invention relates to the use of oral polio- 
virus vaccine (OPV) for the manufacture of a vaccine against non-polio en- 
terovirus diseases, and especially against Type 1 diabetes mellitus (IDDM). 
When OPV is used together with a vaccine, which induces serotype specific 
20 immunity against non-polio enteroviruses, harmful side effects of the non-polio 
enterovirus vaccine can be avoided. The invention thus provides a vaccine 
composition comprising said two vaccines. 

Background 

Enterovirus infections are usually subclinical but cause also various 
25 kind of diseases. Typical enterovirus diseases are meningitis, paralysis, myo- 
carditis, generalized infections in newborns, hand, foot and mouth -disease, 
herpangina, pleurodynia, hepatitis, rash, exanthemas and respiratory diseases 
including pneumonia. In addition, enterovirus infections have been suspected 
to play a role in the pathogenesis of dilated cardiomyopathy, atherosclerosis, 
30 postviral fatique syndrome and Type 1 diabetes mellitus. 

The group of enteroviruses includes a total of 64 different sero- 
types. Polioviruses are the most widely known enteroviruses including 3 differ- 
ent serotypes (poliovirus types 1, 2 and 3) which all can cause meningitis and 
typical paralytic poliomyelitis (flaccid paralysis). Meningitis is frequently caused 
35 by several non-polio enteroviruses, which are the most common cause of 
aseptic meningitis. Myocarditis is caused mainly by coxsackie B serotypes but 
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also other enterovirus serotypes may be invotved. Hand, foot and mouth - 
disease is mainly caused by certain coxsackie A serotypes and severe infec- 
tions of infants are related to coxsackie B serotypes. Paralytic diseases can 
also be caused by some other serotypes than poliovirus serotypes. The sero- 
5 types related to atherosclerosis and Type 1 diabetes are not known. In type 1 
diabetes the most suspected ones have been coxsackieviruses B4 and B5 but 
also other than coxsackie B serotypes may be involved. 

The only enterovirus vaccine, which has been used in human be- 
ings is poliovirus vaccine. This vaccine includes all three poliovirus serotypes 

10 and gives effective prevention against paralytic poliomyelitis. The protection is 
based on the induction of neutralizing antibodies, against these serotypes and 
is serotype specific. Thus, neutralizing antibodies, which are induced by polio- 
virus vaccines do not protect against any other enterovirus serotypes than the 
three poliovirus serotypes. The role of T-cell mediated immune responses in 

15 the protection against poliovirus infections is not known. The generally ac- 
cepted view is that they play only a minor role while antibodies are more im- 
portant in the elimination of infection and in the protection against re- 
infections. 

Two different types of poliovirus vaccine have been developed. The 

20 killed inactivated poliovirus vaccine (IPV; Salk vaccine) includes formalin- 
inactivated polioviruses (all 3 serotypes). This vaccine is given parenterally 
using subcutaneous injections. It induces a Th2-type immune response char- 
acterized by strong antibody response and high levels of neutralizing antibod- 
ies against all poliovirus serotypes and gives effective prevention against 

25 paralytic poliomyelitis. However, it induces only weak local immune response 
in the gut. As gut associated lymphoid tissue is the primary replication site of 
polioviruses, IPV vaccine can not protect against poliovinjs infection but only 
against the complications of infections. IPV can induce only weak cytotoxic T- 
cell immune responses. 

30 The other poliovirus vaccine is oral poliovirus vaccine (OPV; Sabin 

vaccine) which includes live attenuated polioviruses (all three serotypes). This 
vaccine is given per os and the virus replicates in the same way as the wild 
polioviruses in the body. As the vaccine is given per os in the same way as 
natural enterovirus infections are acquired, it induces strong local immunity in 

35 the intestine, which prevents from later poliovirus infections. Thus, OPV vacci- 
nated individuals usually do not become infected by polioviruses because the 
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virus is not able to replicate in the intestine. The nature of this protection is not 
completely understood but it probably depends on both neutralizing antibodies 
and T-cell mediated immunity. OPV induces stronger T-cell responses than 
IPV and it induces mainly Th1-type T-celi responses characterized by strong 
5 cytotoxic T-cell responses. 

Vaccines against non-polio enteroviruses are not available for hu- 
man use. The reason is that the large number of enterovirus serotypes makes 
it difficult to make a pan-enterovirus vaccine and, on the other hand, the sero- 
types, which are causing the most severe non-polio enterovirus diseases, are 

10 highly variable. Myocarditis and cardiomyopathies have been associated with 
coxsackie B group viruses, meningitis and neonatal infections with several 
different serotypes and practically nothing is known about the serotypes pos- 
sibly related to the development of atherosclerosis. In Type 1 diabetes the re- 
sponsible serotypes are not known except that polioviruses are not involved. 

15 The general view is that poliovirus vaccines should not be effective in the pre- 
vention of Type 1 diabetes or other non-polio enterovirus diseases, but that 
the prevention of non-polio enterovinjs diseases would require new vaccines 
which should induce neutralizing antibodies against the serotypes to be pro- 
tected. Another reason for the lack of human non-polio enterovirus vaccines is 

20 that the safety of such vaccines has not been reliably confirmed. Thus, there is 
no effective vaccine or any other treatment for the prevention of non-polio 
enterovirus diseases in man. 

Inactivated and subunit vaccines which include certain coxsackie B 
viruses have been tested in animal models. They have induced good antibody 

25 levels in mice and rabbits and effectively protected from infections caused by 
the serotypes which were included in the vaccine (Fohlman et al.. 1990 and 
1993; See and Tilles. 1994 and 1997). However, these vaccines have not 
been tested in human beings. The main reason for this is that the current 
knowledge on the mechanisms of immune protection against enteroviruses is 

30 limited and the safety of such vaccines can not be guaranteed. The safety is- 
sue has become very important after the discovery of the unexpected side- 
effects related to the use of inactivated respiratory syncytial virus (RSV) and 
measles vaccines in humans (Fulginiti et al., 1967; Harris et al., 1969; 
Kapikian et al., 1969). These vaccines paradoxically increased the severity or 

35 modulated the course of natural infections. The most probable explanation for 
these adverse effects is that these kind of inactivated vaccines generally in- 
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duce good antibody response but very poor cytotoxic T-cell response. Thus, 
they may have induced a shift towards Th2-type antibody mediated immunity 
which resulted in the atypical symptoms. This indicates the need for very de- 
tailed data on the effect of the vaccine on the course of natural infections and 

5 careful evaluation of the safety issues. 

Another problem has been that the protection which is achieved by 
vaccines of this kind depends on the induction of neutralizing antibodies and 
the protection is therefore serotype specific. Accordingly, the vaccine should 
include the serotypes, which should be prevented. As described above, in 

10 non-polio enterovirus diseases the spectrum of responsible serotypes varies a 
lot from disease to disease and even in one disease like Type 1 diabetes the 
exact serotypes of responsible viruses have not yet been identified. Thus, the 
composition of the enterovirus serotypes to be protected is not known and 
may be different from one disease to another. 

15 The advantage of the immunisation regime of the present invention 

is that it is based on the oral poliovirus vaccine (OPV) which has been exten- 
sively used in almost all countries of the world and which has proved to be 
very safe and effective. The poliovirus vaccines are actually one of the most 
effective and safest vaccines ever developed and have led to an almost com- 

20 plete eradication of poliovims infections from the world. The only clinically 
relevant complication of OPV is the risk of vaccine associated paralysis. How- 
ever, its frequency is extermely low (about 1 per 1-10 milj. vaccinees). 

The general view is that immunity against enterovirus infection is 
based on the presence of neutralizing antibodies against the virus. These an- 

25 tibodies can efficiently neutralize the virus when it enters the body. The sig- 
nificance of neutralizing antibodies is reflected by the fact that patients who 
have abnormally low levels of antibodies due to an immune deficiency are 
particularly susceptible for enterovirus infections. Neutralizing antibodies can 
be detected for prolonged periods after the infection. They contribute to the 

30 eradication of the virus during primary enterovirus infection and protect against 
reinfections. However, they can not protect against infections, which are 
caused by other serotypes. Thus, the protection by these antibodies is sero- 
type specific. Accordingly, it is generally thought that it is essensial for the effi- 
cacy of enterovirus vaccines that the vaccine is able to induce high titres of 

35 neutralizing antibodies against the serotypes which should be protected. The 
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only currently used enterovirus vaccine is poliovirus vaccine v^hich includes all 
three poliovirus serotypes. 

The present invention is based on the finding that, in contrast to the 
general paradigm, oral poliovirus vaccines could also protect against other 
5 enterovirus infections than poliovirus infections and could therefore be used 
for the prevention of various non-polio enterovirus diseases, which have been 
described in detail in previous paragraphs, and diseases where the role of 
enteroviruses has been suspected including Type 1 diabetes mellitus, chronic 
fatigue syndrome and atherosceloris. This protection would be based on effi- 

10 cient induction of T-cell responses and local mucosal Immunity by repeated 
OPV vaccinations. T-cell immune responses are known to cross-react be- 
tween certain enterovirus serotypes when analysed in vitro by T-cell prolifera- 
tion assay (Beck and Tracy, 1990; Graham et a!., 1993). However, it was not 
known whether this cross-reactivity had any biological significance in vivo. It 

15 was not either known to what extent T-cell responses which are induced by 
OPV vaccinations can cross-react with non-polio enteroviruses and whether 
this had any clinical relevance. 

We have previously evaluated these questions by analysing en- 
terovirus specific T-cell responses in young infants. We found that some in- 

20 fants, who had never experienced any coxsackievirus B infection according to 
the lack of neutralizing antibodies, had strong T-cell proliferation response 
against purified coxsackievirus B4 antigen, which probably reflects the cross- 
reactivity of T-cells which have initially been induced by other enterovirus in- 
fections (Juhela et al., 1998). In addition, polio vaccination at the age of 6 

25 months induced stronger T-cell response to purified coxsackievirus B4 and po- 
liovirus antigens in children who had serological evidence of previous enterovi- 
rus infection compared to children who had no previous enterovirus infections 
(Juhela et al., 1998). This suggests that T-cells can cross-react between polio- 
viruses and non-polio enteroviruses. 

30 Our aim is to utilise this T-cell cross-reactivity by priming cross- 

reactive T-cell memory using OPV vaccinations. This, in turn, would make the 
immune responses to other enteroviruses stronger and more rapid 
(secondary-type response) and in this way speed up the eradication of the vi- 
rus during acute non-polio enterovirus infections. OPV can not totally protect 

35 from these infections as it does not induce neutralizing antibodies against non> 
polio enteroviruses but it may protect against viremia and severe illnesses by 
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potentiating the T-cell responses by inducing cross-reactive memory T-celis. 
This kind of T-cell help can potentiate both the production of neutralizing anti- 
bodies during infection as well as cytotoxic T-cell responses against non-poiio 
enteroviruses, it may also booster antibodies against other enteroviruses than 
5 the serotype causing the acute infection by eliciting anamnestic immune re- 
sponses. Induction of anamnestic responses means that OPV stimulates 
memory T-cell clones, which have originated from previous enterovirus expo- 
sures and in this way leads to their activation and induction of antibodies 
against all these serotypes. This kind of anamnestic response is used in the 
10 present regime to enhance enterovirus antibody levels in pregnant women 
thus providing protection for their infants. 
Summary of the Invention 

One object of the present invention is to provide a method of pre- 
venting non-polio enterovirus diseases, especially Type I diabetes (IDDM). 
15 Another object of the invention is to provide a vaccine or vaccine 

composition useful in preventing said diseases. 

Still another object of the present Invention is to avoid harmful side 
effects of killed or subunit enterovirus vaccines that induce serotype specific 
immunity. 

20 Still another object of the present invention is the use of a polio 

vaccine and/or a non-polio enterovirus vaccine in the manufacture of a vaccine 
against enterovirus diseases, especially Type I diabetes (IDDM). 

The objects of the present invention are fulfilled by providing a 
method of preventing non-polio enterovirus diseases or of preventing Type 1 

25 diabetes mellitus (IDDM) comprising the administration of an effective amount 
of oral poliovirus vaccine (OPV) to a human subject. 

The invention further encompasses the use of oral poliovirus vac- 
cine (OPV) for the manufacture of a vaccine against non-polio enterovirus dis- 
eases, and especially for the manufacture of a vaccine against Type 1 diabe- 

30 tes mellitus (IDDM). 

The invention is also directed to a vaccine composition comprising 
oral poliovirus vaccine (OPV) and a vaccine, which induces serotype specific 
immunity against non-poiio enteroviruses. Preferably the non-polio enterovirus 
vaccine comprises enterovirus antigens representing diabetogenic enterovirus 

35 serotypes or a coctail thereof. 
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The invention further relates to the use of a vaccine, which induces 
serotype specific immunity against one or more serotypes of diabetogenic 
non-polio enteroviruses selected from the group consisting of coxsackievirus 
B serotypes 1, 2, 3, 4, 5 and 6, echovirus serotypes 3, 4. 6, 9, 11. 22 and 30. 
5 and coxsackievirus A serotypes 9 and 16 for the manufacture of a vaccine 
against non-polio enterovirus diseases, especially Type 1 diabetes mellitus 
(IDDM). It also relates to said vaccine and to a method of preventing non-polio 
enterovirus diseases, especially IDDM, comprising administering an effective 
amount of said vaccine to a human subject. 

10 The invention further provides a method of preventing non-polio 

enterovirus diseases, especially Type I diabetes mellitus (IDDM) in the off- 
spring comprising the administration of an effective amount of oral poliovirus 
vaccine (OPV) to pregnant women, or comprising the administration of an ef- 
fective amount of oral poliovirus vaccine (OPV) prenatally to the pregnant 

15 woman and postnatally to the baby. 

A method of preventing non-polio enterovirus diseases, especially 
IDDM, comprising the administration of repeated doses of an effective amount 
of oral poliovirus vaccine (OPV) to children is provided. 

Finally the invention encompasses a method of avoiding harmful 

20 side effects of non-polio enterovirus vaccines, which induce serotype specific 
immunity against non-polio enteroviruses comprising administering an effec- 
tive amount of said non-polio enterovirus vaccine simultaneously, before or 
after administering an effective amount of oral poliovirus vaccine (OPV) to a 
human subject. 

25 Brief Description of the Drawing 

Figure 1 shows the cumulative prevalence of IDDM in cohorts which 
have never received OPV, or which have received one dose of OPV in child- 
hood or in utero. 

Detailed Description of the Invention 

30 "OPV" is an abbreviation of oral poliovirus vaccine, and means a 

vaccine that comprises live attenuated polioviruses of one, two or all three of 
the serotypes or infectious cDNA or RNA thereof. Besides being administered 
orally OPV may also be given by any other mucosal route like per rectum or 
intranasally or it may be given parenterally. OPV comprising attenuated vi- 

35 ruses of all three serotypes is commercially available and is also called Sabin 
vaccine. 
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"IPV" is another commercially available poliovaccine, which com- 
prises killed inactivated polioviruses of all three serotypes. This vaccine is 
called Salk vaccine. 

"IDDM" means insulin-dependent diabetes mellitus, which is the 
5 same as Type 1 Diabetes Mellitus or Type 1 Diabetes. 

"Non-polio enterovirus diseases" means any disease caused by 
non-polio enterovinjses e.g. meningitis, paralysis, myocarditis, generalized in- 
fections in newborns, hand, foot and mouth -disease, herpangina, pleurodynia, 
hepatitis, rash, exanthemas, respiratory diseases including pneumonia, dilated 
10 cardiomyopathy, atherosclerosis, postviral fatigue syndrome and Type 1 dia- 
betes mellitus. 

"An effective amount" of a vaccine is an amount, which is able to 
elicit a protective immune response in the recipient, either by eliciting neutral- 
izing antibodies or a celi-mediated response, or both. 
15 A vaccine that induces "serotype specific immunity" is the same as 

a vaccine that induces neutralizing antibodies. Such vaccines may be killed 
vaccines, subunit vaccines or cDNA or RNA fragment vaccines, wherein the 
fragment encodes an antigenic part or an inactivated form of the virus. 

A "killed vaccine" is the same as an inactivated vaccine i.e. a vac- 
20 cine comprising viruses treated so that they have lost their infectivity. A 
"subunit vaccine" comprises only an antigenic part or parts of the viruses, not 
the whole viruses. 

A "diabetogenic enterovinjs" is an enterovirus that is associated 
with the induction of diabetes. These viruses are represented by the group 
25 consisting of coxsackievirus B serotypes 1 , 2, 3, 4, 5 and 6. echovirus sero- 
types 3, 4, 6, 9, 11, 22 and 30, and coxsackievirus A serotypes 9 and 16. 
However, also other serotypes of non-polio enteroviruses might be involved in 
the induction of diabetes. 

Each of all three poliovirus serotypes can cause paralytic disease. 
30 Oral poliovirus vaccine used in the present invention may contain only one of 
them or their different combinations. Preferably it contains a cocktail of all the- 
se three serotypes (serotypes 1-3). The vaccine viruses of the OPV used are 
attenuated polioviruses, the virulence of which has been reduced. This may be 
carried out by different methods including serial passage of the virus in cell 
35 cultures, antigenic modification by chemical treatments, construction of re- 
combinant or chimeric viruses, mutagenization of viral genome, deletion of 
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certain gene regions, selection of temperature sensitive mutants or irradiation. 
Alternatively, vaccine viruses may be attenuated natural poiiovirus isolates or 
infectious poiiovirus cDNA or RNA having reduced capability to cause clinical 
disease. Typically, the presented immunisation regime is based on the use of 
5 the commercially available and widely used Sabin oral poiiovirus vaccine, 
which contains all three poiiovirus serotypes in each vaccine dose. It is admi- 
nistered orally and replicates in the intestine, but does not cause paralytic po- 
lio or other clinical manifestations. 

Each immunising dose of OPV includes infective viruses or infective 

10 RNA or cDNA in a titre, which is able to produce infection in humans. This do- 
se would correspond to that which is used in the traditional Sabin-type live oral 
poiiovirus vaccine including a minimum of 10^^ - lO^TCIDgofor poiiovirus Type 
1, lO^TCIDsofor poiiovirus type 2 and 10^^ - lO^^TClDso for poiiovirus type 3 
live attenuated Sabin strains of polioviruses. The dose may also be another, if 

15 it has been confirmed to be safe and infectious. (TCID = tissue culture infecti- 
ous dose; TCID5o= the dose which infects 50 % of the cultures.) 

The new non-polio enterovirus vaccines of the present immunisati- 
on regime may include either whole viruses, the infectivity of which has been 
inactivated, or sub-unit vaccines containing certain antigenic structures of the 

20 virus, or their combination, or fragments of viral RNA or cDNA coding for anti- 
genic structures of the virus. Inactivated vaccines may be produced by propa- 
gating the virus in cell cultures and by purifying it from infected cells and cultu- 
re media by high-speed centrifugation in a density gradient formed by sucrose 
or other high-density media. Alternatively the virus could be purified by chro- 

25 matography. The infectivity of the purified viruses is destroyed by inactivating 
the viruses by chemical treatment (e.g. formalin inactivation like that used to 
produce IPV), irradiation or heat treatment. Sub-unit vaccines may consist of 
purified viral proteins or recombinant viral proteins, synthetic peptides corres- 
ponding to viral antigenic epitopes or empty viral capsids, which are produced 

30 during infection but lack the viral genome. These subunit vaccines can be ad- 
ministered either as such or conjugated to haptens or carriers (e.g. iSCOM 
particles). 

The new non-polio enterovirus vaccines can be given parenterally 
or by mucosal route like per os, per rectum or intranasally. Each immunising 
35 dose includes viral structures in a titre, which is able to induce proper immune 
response in humans. This dose would correspond to that used in Salk-type 
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inactivated pollovirus vaccine including 1.8 - 2 ^lg of viral protein per eacli do- 
se and 20 - 40 antigenic D-units of poliovirus type 1,4-8 antigenic D-units of 
poliovirus type 2 and 16 - 32 antigenic D-units of poliovirus type 3. The dose 
may also be another, if it has been confirnned to be safe and immunogenic. 

5 In addition to the active ingredients that elicit an immune response, 

the OPV and the non-polio enterovirus vaccines used in the present invention 
may comprise pharmaceutically acceptable excipients. carriers, haptens and 
adjuvants. Excipients, carriers, haptens and adjuvants may include for 
example phenoxyethanol. magnesium chloride, sucrose, thiomersal, formalde- 

10 hyde, phenol, antibiotics (preservatives) or aluminium salts, ISCOM particles, 
carrier proteins (e.g. cholera toxin), liposomes or protein micelles 
(haptens/adjuvants). 

A new immunisation regime for the prevention of diseases caused 

by non-polio enteroviruses is introduced (Table 1 ). 
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Table 1. Main immunization regime 



5 Action 1. OPV during pregnancy 

Given preferentially during the first trimester but may also be given later during 
pregnancy. May also be given to women who are at fertile age but not preg- 
nant, 

10 Action 2. OPV in childhood 

Given at the age of 0, 6, 10, 14 weeks, boosters at older age (e.g. every 5 
years). 

Action 3. Killed/subunit vaccine 
15 Given at the age of 3. 6 and 12 months, boosters at older age. Can also be 
given to pregnant mothers. 



Actions 1, 2 and 3 can be used separately or in different combina- 
20 tions. The timing of childhood OPV vaccinations in action 2 may vary but the 
first ones should preferentially be given by the age of 3 months. 

Killed or subunit vaccine includes one or more of the following en- 
terovirus serotypes or their antigenic structures: coxsackievirus B serotypes 1, 
2, 3, 4, 5 and 6, echovirus serotypes 3, 4, 6. 9, 11, 22 and 30. coxsackievirus 
25 A serotypes 9 and 16. It can be given during pregnancy and at varying ages in 
childhood with booster given later in life. Killed or subunit enterovirus vaccine 
may be given simultaneously, before or after OPV is given. 



30 Protection against non-polio enteroviruses is induced by extensive 

immunisation by repeated doses of live attenuated oral poliovirus vaccine 
(OPV). The regime includes prenatal and postnatal OPV vaccinations, which 
can be used in combination or separately. Prenatal vaccination is carried out 
by giving OPV to pregnant women in order to protect the child in utero and in 

35 infancy (Action 1 in Table 1). This protection is based on anamnestic immune 
response, which is induced by OPV-vaccination. Anamnestic response is due 
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to the activation of cross-reactive enterovirus specific memory T-cell clones 
and leads to increases in antibody levels against those enterovirus serotypes 
to which the mother has been exposed prior to the OPV vaccination. Anam- 
nestic antibody response of the mother protects the child because IgG class 

5 maternal antibodies are transferred to the fetus through the placenta and are 
thus protecting the child until the age of 6-12 months when maternal antibod- 
ies disappear from child's circulation. 

Postnatal vaccination (Action 2) is carried out like OPV vaccination 
shedules in general but may be more extensive to get maximal stimulation of 

10 cross-reactive T-cell immunity (Table 1). It includes repeated vaccinations, first 
ones given at birth and during the first weel<s of life followed by booster vacci- 
nations in childhood with a few years intervals (like in WHO EPI-program). 
OPV-vaccination per os induces also stnDng local immune response in mu- 
cosal surfaces, particularly in the gut. This is important because the primary 

15 replication site of enteroviruses is gut-associated lymphoid tissue. This local 
immunity is targeted also to non-polio enteroviruses because of OPV induced 
cross-reactive T-cell response and induction of local production of interferons. 

The Actions 1 and 2 of this regime can be combined with new non- 
polio enterovirus vaccines, which induce serotype specific immunity to get 

20 maximal protective effect against non-polio enteroviruses (Action 3 in Table 1 ). 
Serotype specific immunity may be induced by killed enterovirus particles or 
sub-unit vaccines carrying certain enterovirus structures or peptides. This se- 
rotype specific vaccine can be given to pregnant mothers as well as to children 
as described in Table 1 . The serotype specific vaccine preferably includes one 

25 or more of the following enterovims serotypes (coxsackievirus B serotypes 1 , 
2. 3. 4. 5 and 6, echovims serotypes 3, 4, 6. 9, 11. 22 and 30. and cox- 
sackievirus A serotypes 9 and 16). This kind of killed or subunit vaccines in- 
duce efficient antibody response but the protection is specific for those viruses 
which are included in the vaccine (protection by neutralizing antibodies is se- 

30 retype specific). In such combination OPV can be used to give additional pro- 
tection by cross-reactive T-cell responses against the serotypes which are not 
included in the killed/subunit vaccine. OPV can also be used to booster the 
antibody responses which are induced by kilied/subunit vaccines. OPV can 
also be used to direct the immune responses induced by kilied/subunit vac- 

35 cines to Th1-type responses rather than Th2-type responses. Th2-type re- 
sponses are typically induced by kilied/subunit vaccines and can be associ- 
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ated with serious side-effects leading to more severe course of natural infec- 
tion in vaccinated individuals (like observed in individuals vaccinated by killed 
RSV or measles vaccines). OPV like other live vaccines induces mainly Thi- 
type responses leading to cytotoxic T-cell responses and can thus counteract 
5 the Th2-type responses induced by killed/subunit vaccines by inducing cross- 
reactive Th1 -type T-cells. To avoid Th2-responses OPV may be given either 
before, simultaneously with or after the killed/subunit vaccines are given. 

Thus, the present regime includes OPV-vaccinations to induce 
systemic T-cell responses and local mucosal immunity as well as anamnestic 

10 antibody responses in pregnant mothers (Actions 1 and 2), OPV vaccinations 
can be combined with new inactivated or subunit enterovirus vaccines (Action 
3). This combination would give maximal preventive effect (neutralizing anti- 
bodies induced by killed/ subunit vaccines are the first barriers against infec- 
tions and T-cell immunity induced by OPV helps in the eradication of infec- 

15 tion). OPV may also be used in combination with inactivated or subunit vac- 
cines to prime or booster their effect or to prevent possible harmful side-effects 
caused by Th2-type bias in immune response to enteroviruses which may be 
caused by inactivated or subunit vaccines. 

We have found that there are unexpected side-effects of IPV vac- 

20 cines, which increase the risk of complications of non-polio enterovirus infec- 
tions like Type 1 diabetes by directing the immune response against non-polio 
enteroviruses into the Th2 direction. However, OPV is benefical, because it 
decreases the risk of complications of non-polio enterovirus infections and 
vaccinations of inactivated/subunit non-polio enterovirus vaccines (e.g against 

25 diabetes) by inducing cross-reactive memory T-cells, by directing the immune 
response to non-polio enteroviruses into the Th1 direction and by inducing lo- 
cal protection in the mucosal tissues. 

One advantage of this invention is that it is based on a widely used 
and very safe vaccine (OPV) but gives a new indication for this vaccine, which 

30 has not been previously suggested. The novel aspects are also that the in- 
vention utilises strong T-cell responses induced by live OPV vaccine, the 
cross-reactivity of these responses between different enterovirus serotypes, 
induction of local immune responses by OPV in mucosal surfaces in pharynx 
and in gut, vaccination of both pregnant women and children, and optional 

35 combination of OPV and new serotype specific killed/subunit vaccines to 
booster their effect and to avoid their side-effects related to Th2-based re- 
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sponses. An additional novel aspect is that the inactivated/subunit vaccine in- 
cludes serotypes, which are the most important in the pathogenesis of severe 
non-polio enterovinjs diseases including Type 1 diabetes. 

This vaccination regime can be used in the whole population or in 

5 specific high-risk groups such as children with genetic risk alleles for Type 1 
diabetes, children with diabetes in first-degree relatives or children positive for 
diabetes-related autoantibodies. 

This vaccination regime is the only possibility which is currently 
available for the prevention of non-polio enterovirus diseases in man. It can 

10 be implemented into clinical work immediately as it is based on cunrently 
widely used and well-tolerated vaccine (OPV). It can be coupled with inacti- 
vated or subunit enterovirus vaccines to increase their preventive effect and to 
avoid their side-effects. 

In Finland practically the whole population was vaccinated by one 

15 dose of OPV in February - March in the year 1985 to eradicate the last po- 
lioepidemic (Hovi et al., 1986; Harjulehto-Mervaala et aL, 1994). This provides 
an excellent possibility to analyze possible effects of OPV vaccination on the 
risk of type 1 diabetes because IPV has been used as the only poliovirus vac- 
cine for decades and has also been used after the epidemic. OPV vaccination 

20 was also given to pregnant women (Harjulehto-Men/aala et a!., 1993). We 
have analysed the cumulative prevalence of type 1 diabetes in birth cohorts 
which have received OPV vaccination in the year 1985 either in childhood or in 
utero and compared that to cumulative prevalence in birth cohorts who had 
never received OPV (Figure 1). The Figure shows the cumulative prevalence 

25 of Type 1 diabetes (IDDM) per 100,000 children by the age of 8 years in Fin- 
land in birth cohorts which have either never received oral poliovirus vaccine 
(OPV) or have been vaccinated by one dose of OPV in childhood or in utero 
during the mass-vaccination campaign in 1985. The cumulative prevalence of 
type 1 diabetes was significantly lower in OPV-vaccinated cohorts compared 

30 to unvaccinated cohorts: The average prevalence in OPV vaccinated cohorts 
born in the years 1980-1985 was 272 compared to 326 in unvaccinated co- 
horts born in 1986-1989 (p<0.01 in student's t-test). The prevalence of diabe- 
tes was also low in children whose mother had been vaccinated during preg- 
nancy (261 per 100,000; Figure 1). These findings indicate that both Actions 1 

35 and 2 in the proposed immunisation regime (see Table 1 ) have a protective 
effect against Type 1 diabetes. 
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We have also found that incidence of Type 1 diabetes correlates 
with the type of poliovirus vaccine used in different countries. This correlation 
is not absolute but there is a general tendency to a lower incidence of Type 1 
diabetes in countries where OPV is used compared to countries where inacti- 
5 vated (killed) poliovirus vaccine (IPV) is used. In Finland the incidence of Type 
1 diabetes is the highest in the world, and Finland is also one of the very few 
countries where IPV has been used as the only poliovirus vaccine for several 
decades (except in the year 1985 as mentioned before). 

A possible role of different poliovaccination regimes as a cause of 

10 the international differences in the incidence of Type 1 diabetes is also sup- 
ported by our findings in Estonian and Finnish children. In Estonia, where the 
incidence of Type 1 diabetes is one third of that in the neighbouring Finland, 
OPV is used as the only poliovirus vaccine in contrast to Finland where IPV is 
used. We analysed T-cell proliferation responses to tetanus toxoid, poliovirus 

15 type 1, coxsackievirus B4 (CBV4) and adenovirus antigens in 9-months-old 
infants in both countries. The responses to poliovirus and CBV4 were signifi- 
cantly higher in Estonian than in Finnish children (p<0.05) while responses to 
other antigens did not differ between the groups. Neutralizing antibodies 
against CBV group enteroviruses did not differ between the groups suggesting 

20 that the obsen/ed difference in T-cell responses was not due to different expo- 
sure of infants to enteroviruses in the two countries. Accordingly, the higher T- 
cell response to purified CBV4 virus in Estonian children probably reflects 
cross-reactivity of T-cells primed by previous OPV vaccinations. In Finland, the 
IPV vaccine is used which does not induce as high T-cell responses as OPV 

25 and which is also given at older age than OPV in Estonia (Estonian children 
had received three doses of OPV compared to one dose of IPV in Finnish 
children by the age of 9 months). This suggests that the OPV vaccination 
schedule in Estonia induces stronger cross-reactive immune response to non- 
polio enteroviruses than the IPV vaccination schedule used in Finland. This 

30 indicates that Action 2 in our immunisation regime (see Table 1 ) has a protec- 
tive effect against Type 1 diabetes. 

In the Finnish Diabetes Prediction and Prevention study (DIPP) we 
have analysed the frequency and serotype of enterovirus infections in 21 in- 
fants who have been followed from the birth and who have manifested with 

35 clinical Type 1 diabetes or turned positive for diabetes-related autoantibodies 
as a marker of subclinical beta-cell damage. Enterovirus infections were more 
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frequent in these children than in 104 control children matched for the time of 
birth, gender and HLA-risk alleles for Type 1 diabetes (p<0.03). This difference 
was particularly clear in infections which occurred 0-6 months before autoanti- 
bodies appeared: 57% of autoantibody positive subjects had an enterovirus 
infection during that period compared to 31% of control subjects of the same 
age (OR 3.7, 95% CI 1.2-11.4) (unpublished obsen/ation). During this period 
29% of autoantibody positive children were positive for enterovims RNA in se- 
rum compared to 6% of control subjects (OR 8.4. 95% CI 1.7-40.2). The re- 
sults suggest that enterovirus infections are important risk factors for Type 1 
diabetes and able to initiate the beta-cell damaging process in genetically sus- 
ceptible individuals. The average age of the infants at the appearance of 
autoantibodies was 9 months suggesting that diabetogenic enterovims infec- 
tions may occur already during the very first months of life. 

The serotype of enterovirus Infections related to induction of 
15 autoantibodies or manifestation of clinical diabetes has been analysed in the 
DIPP study and in the previous Childhood Diabetes in Finland (DiMe) study. 
These serotypes are included in the killed/subunit vaccine in the present im- 
munisation regime (Action 3 in Table 1). 

OPV vaccinations can be combined not only with serotype specific 
20 vaccines but also with passive immunisation regimes against enteroviruses. 
This kind of passive immunisation may include e.g. immunoglobulins which 
contain enterovims specific antibodies and which are given intravenously or 
orally. 

Example 1 

25 We have analysed the effect of OPV vaccination on the course of 

subsequent coxsackievims B3 (CBV3) infection in mice. In these studies we 
used a transgenic BALB/c strain which expresses human poliovirus receptor 
and can therefore be infected by human poliovimses (Horie et a!., 1994). 

Transgenic BALB/c mice were first immunized by live poliovirus 

30 vaccine (Sabin strain of poliovims type 1 ) or inactivated poliovims vaccine iPV. 
and later challenged to a pancreas-tropic strain of coxsackievims B3 (Nancy 
strain). (IPV was the commercially available poliovirus vaccine Novum pur- 
chased by National Public Health Institute of Holland). Two doses of live polio- 
vims vaccine strain type 1 (Sabin) were given intramuscularly with two weeks 

35 inten/als (10^ TCIDso/mouse. first injection at the age of 8 weeks). Two doses 
of killed poliovirus vaccine were given intramuscularly in the same way (0.1 ^g 
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per mouse). Two weeks after the last poliovirus injection the mice were infec- 
ted by coxsackievirus B3. T-cell proliferation responses were analysed two 
weeks after the coxsackievirus B3 challenge using standard blast- 
transformation test and highly purified viruses as antigens. The T-cell respon- 
5 ses are expressed as spesific counts (mean cpm), and and the results are 
shown in Table 2. 

Table 2. Effect of previous poliovirus immunisation on T-cell 
proliferation responses during subsequent coxsackievirus B3 infection 
10 in transgenic mice expressing human poliovirus receptor. 



Proliferation response in different immunisation groups 
1 5 (mean cpm values) 



20 



PBS IPV Sabin 

Virus antigen (N=5) (N=5) (N=5) 

Coxsackievirus B3 1444 3669 6485 

Poliovirus type 1 1927 4898 6738 



25 

Grading of coxsackievirus B3 induced pancreatitis and myocarditis 
as well as tlie detection of viremia was done two weeks after the coxsackievi- 
rus B3 challenge. The presence of viremia was analysed at the same time by 
detecting viral RNA in serum using a sensitive RT-PCR method. The results 
30 are shown in Table 3. 
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Table 3. Effect of previous poliovirus immunisation on the 
pathogenesis of subsequent coxsackievirus B3 infection in transgenic 
mice expressing human poliovirus receptor. 



5 

Immunisation group 



10 



15 



20 





PBS 


IPV 


Sabin 




(N=5) 


(N=5) 


(N=5) 


Pancreatitis + + + 


2 


0 


4 


+ + 


3 


2 


1 


+ 


0 


1 


0 




0 


2 


0 


Myocarditis + + + 


0 


0 


0 


+ + 


0 


0 


1 


+ 


3 


2 


3 




2 


3 


1 


Viremia + 


2 


3 


1 




3 


2 


4 



In the experiments live poliovirus vaccine (Sabin strain) increased in 
vitro T-cell proliferation responses during subsequent coxsackievirus B3 infec- 
tion. Tliis increase was observed in proliferation responses against both puri- 

30 fied coxsackievims B3 and poliovirus type 1 (Table 2). This suggests that pre- 
vious live poliovirus vaccination can augment cellular immune responses du- 
ring subsequent non-polio enterovims infection. Previous IPV vaccination also 
enhanced T-cell responses during subsequent coxsackievirus B3 infection but 
the effect was weaker that that of live vaccine (Table 2). 

35 Previous immunisation with live poliovirus vaccine (poliovirus type 

1 , Sabin vaccine strain) increased T-cell infiltration in the pancreas during sub- 
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sequent infection with a pancreas-tropic strain of coxsackievirus B3 (Table 3). 
In contrast, previous IPV vaccination was associated with weak T-ceil infiltrati- 
on in the pancreas as compared to that observed after live poliovirus vaccine 
or that in control mice. These results suggest that live poliovirus vaccination 
5 augment in vivo T-cell responses during subsequent non-polio enterovirus in- 
fections while killed poliovirus vaccine may have an opposite effect. 

There was also a tendency of a low frequency of viremia in mice 
previously immunised with live poliovirus. This suggests that live poliovirus 
vaccination facilitates the eradication of subsequent non-polio enterovirus in- 
10 fections. 

In another experiment it was found that altogether 9 (92%) out of 
the twelve poliovaccinated mice had T-cell infiltration in the heart compared to 
7 (53%) of the fifteen unvaccinated mice. This suggests that prior challenge by 
live poliovirus exaggerates T-cell response during CBV3 infection in vivo, 
15 Example 2 

We have produced and tested formalin-inactivated coxsackievirus B 
vaccines in mice. These vaccines were produced by inactivating sucrose gra- 
dient purified viruses by 14 days incubation at +37 °C in 0.01% formalin in 
PBS. 

20 Mean lgG1 antibody levels against purified coxsackievirus B3 were 

determined in Balb/c mice immunized by 3 repeated intramuscular injections 
with formalin-inactivated coxsackievirus B3 vaccine or phosphate buffered sa- 
line (PBS). Injections were given with two weeks intervals (first one at 8 weeks 
of age) and antibodies were measured at 2 weeks after the last vaccination. 

25 Antibody levels are expressed as OD492 values in EIA (Table 4). 
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Table 4. Antibody levels induced by inactivated coxsackievirus 
B3 vaccine in mice 



Immunization group 



PBS Coxsackievirus B3 vaccine 

Serum dilution (N=5) {N=5) 

10 

1/1600 0.12 0.95 

1/6400 0.13 0.47 

1/25600 0.14 0.28 



Presence of viremia (virus in serum) was determined in BALB/c mi- 
ce immunized with three repeated intrannuscular injections with formalin- 
inactivated coxsackievirus B3 vaccine or with phosphate buffered saline (PBS) 
and subsequently Infected with a pancreas-tropic strain of coxsackievirus B3 
20 (Nancy strain, 10® TCIDso/mouse). Immunisations were done with two weeks 
intervals (first one at 8 weeks of age) and mice were infected 2 weeks after the 
last injection. The presence of vims in serum (viremia) was analysed three 
days after the infection using the end-point dilution assay of infectlvity. End- 
point dilution of infectivity in LLC-cell cultures is presented in Table 5. 
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Table 5. Protection against viremia by immunisation with an 
inactivated coxsackievirus B3 vaccine 



Mice 



Immunisation group 



PBS 



Coxsackievirus B3 vaccine 



15 



1. 
2. 
3. 
4. 
5. 



10-' 
10-' 
10-^ 
10^ 
10-^ 



ND 
ND 
ND 
ND 
ND 



ND: Not detectable (titre <10-') 



20 As shown in Table 4 immunisation with inactivated coxsackievirus 

B3 vaccine induced high levels of antibodies as measured against purified 
coxsackievinjs B3 in EIA test. We also found that vaccination completely pro- 
tected the mice against infection by a pancreas-tropic strain of coxsackievirus 
B3. Virus could not be detected in the serum in any of the vaccinated animals 

25 while all control mice were positive for the virus (Table 5). This vaccine also 
protected the mice from virus-induced pancreatitis: None of the vaccinated 
animals had T-cell infiltration in the pancreas while all control mice had a very 
strong inflammatory response. 

These results suggest that inactivated non-polio enterovirus vaccines 

30 are effective in the protection against non-polio enterovirus infections. This 
protection is probably mediated by neutralizing antibodies induced by the vac- 
cine. 

Example 3 

SJL/J mice were first immunised either with formalin-inactivated po- 
35 liovirus vaccine (IPV; 0.1 )ag/mouse), or with saline (PBS). After 14 days the 
mice were infected with coxsackievirus B3 intramuscularly (10^ TCIDso/mouse). 
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Histopathology of the pancreas was analysed 14 days after the infection. The 
results are shown In Table 6. 

Table 6. Inflammation reaction (T-cell infiltration) in the pan- 
5 areas of SJL/J mice infected intramuscularly with a pancreas tropic 
strain of coxsackievirus B3 (Nancy strain). 

Vaccine 



10 Pancreatic PBS IPV 

inflammation (N=5) (N=5) 



Strong 1 4 

15 Moderate 2 1 

Not detected 2 0 



Our observations indicate that IPV increases the severity of non- 
20 polio enterovirus infections. We have found that mice, which have first been 
immunized by IPV and later infected with a non-polio enterovirus, namely a 
pancreas tropic Nancy strain of coxsackievirus B3, had more severe pancrea- 
titis than mice which had not previously been immunised with IPV (Table 6). 

Mean lgG1 antibody levels against purified coxsackievirus 83 were 
25 determined in BALB/c mice immunized with three intramuscular injections with 
formalin-inactivated poliovirus vaccine (IPV; 0.1 ^ig per mouse) or with phos- 
phate buffered saline (PBS) and subsequently infected with a pancreas-tropic 
strain of coxsackivirus B3 (Nancy strain, 10^ TCIDgo/mouse). Immunisations 
were done with two weeks intervals (first one at 8 weeks of age), mice were 
30 infected 2 weeks after the last injection and antibodies were measured 2 
weeks after the infection. Antibody levels are expressed as mean OD492 values 
in EIA (Table 7). IPV was the commercially available poliovirus vaccine Novum 
purchased by National Public Health Institute of Holland. 
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Table 7. Effect of immunisation with inactivated poliovirus 
vaccine on antibody response during subsequent coxsacl<ievirus B3 in- 
fection 



15 



Immunisation group 



PBS ipv 

10 Serum dilution (N=5) (N=5) 

1/1600 0.50 0.37 

1/6400 0.36 0.11 

1/25600 0.32 0.08 



IPV vaccination was associated with abnomially low antibody res- 
ponse during subsequent coxsackievirus B3 infection in BALB/c mice (Table 
7). This suggests that immunisation with killed poliovirus vaccine may weaken 

20 antibody responses during subsequent non-polio enterovirus infections in vivo. 
This, in turn, may increase the severity of non-polio enterovirus infections. 

We assume that the hannfui effect of IPV is due to its ability to in- 
duce Th2-type immune responses. It has been shown previously that inactiva- 
ted vaccines induce mainly Th2 type responses and that this kind of Th2 bias 

25 may increase the severity of natural infections (like in the case of inactivated 
respiratory syncytial virus and measles vaccine). This harmful effect is mani- 
fested particularly in infections caused by other serotypes than that used in the 
vaccine while infections by the same serotype as that used in the vaccine are 
totally protected by the vaccine (as shown in our mice experiments described 

30 in Table 5). This serotype-specific protection is based on vaccine-induced 
neutralizing antibodies. Thus IPV vaccination in childhood primes poliovirus 
specific immune response towards Th2 direction, which imprints T-cell memory 
in later enterovirus infections. Due to cross-reactive T-cells this Th2-bias will 
spread to immune responses against non-polio enteroviruses thus increasing 

35 the severity of non-polio enterovirus infections and the risk of their complica- 
tions like Type 1 diabetes. 
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In contrast to the harmful effect of IPV on innmune protection 
against non-polio enterovirus infections. OPV has a beneficial effect. As a live 
vaccine OPV induces stronger T-cell responses than IPV. In addition, this im- 
mune response is more balanced resembling that observed in natural entero- 

5 virus infections including both Th1- and Th2-type immune responses. This 
response is targeted to both structural and non-structural virus proteins, while 
IPV induces only response to structural virus proteins. By inducing strong T- 
cell responses OPV activates also memory T-cells, which can cross-react bet- 
ween polio and non-polio enteroviruses and booster both T-cell and antibody 

10 responses against non-polio enteroviruses. By this mechanism, OPV facilitates 
the clearance of non-polio enterovirus infections thus preventing from their 
complications. Thus, the risk of complications of non-polio enterovirus infec- 
tions (like Type 1 diabetes) can be prevented by OPV. 

In addition to the natural non-polio enterovims infections, OPV can 

15 also be used to convert immune responses, which have been induced by 
inactivated or sub-unit enterovirus vaccines from Th2-type responses to Th1 
direction. In this way OPV can be used to protect from the Th2-dependent side 
effects of inactivated or sub-unit non-polio enterovirus vaccines. This kind of 
side effects have been described in the context of the use of inactivated respi- 

20 ratory synsytial virus and measles virus vaccines and they include abnormal 
course of infections, increased severity of the infection, increased risk of 
complications of the infection and possible development of allergies and asth- 
ma. 

Accordingly, OPV can be used to dictate the immune response in- 
25 duced by inactivated or subunit enterovirus vaccines to Th1-type responses 
thus protecting against the side-effects of such vaccines. In contrast, IPV may 
have an opposite effect increasing the risk of complications of non-polio ente- 
rovirus infections by dictating the immune response to Th2 direction. 

An additional advantage of OPV over IPV is that as a live virus it in- 
30 duces production of interferon-alpha. It is induced only during virus infections 
and is the most potent antiviral cytokine (part of the innate immunity). It speci- 
fically protects against virus infections and provides protection before the anti- 
gen specific immune responses are induced. As a live virus OPV induces in- 
terferon-alpha and this induction happens both in mucosal surfaces and sys- 
35 temically. Vaccine viruses replicate in the gut for several weeks, which means 
that local production of interferon-alpha persists for prolonged periods in child- 
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ren repeatedly vaccinated by OPV. This will augment to the protective effect of 
OPV against non-polio enterovirus infections. 
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We claim: 

I. Use of oral poliovirus vaccine (OPV) for the manufacture of a 
vaccine against non-polio enterovirus diseases. 

5 2. Use of oral poliovirus vaccine (OPV) for the manufacture of a 

vaccine against Type 1 diabetes mellitus (IDDM). 

3. Use according to claim 1 or 2 for the manufacture of a vaccine to 
be administered in repeated doses to children. 

4. Use according to claim 3 for the manufacture of a vaccine to be 
10 administered by the age of 3 months. 

5. Use according to claim 4 for the manufacture of a vaccine to be 
administered at the age of about 0, 6, 10. and 14 weeks and boosters at older 
age. 

6. Use according to claim 1 or 2 for the manufacture of a vaccine to 
15 be administered to pregnant women to protect their offspring against said dis- 
eases. 

7. Use according to claim 6 for the manufacture of a vaccine to be 
administered prenatally to the pregnant woman and postnataily to the baby. 

8. Use according to any of claims 1 to 7 for the manufacture of a 
20 vaccine to be administered in combination with a vaccine, which induces se- 
rotype specific immunity against non-polio enteroviruses. 

9. Use according to claim 8 wherein said serotype specific immunity 
inducing vaccine is a killed enterovirus vaccine or a subunit vaccine. 

10. Use according to claim 8 wherein said serotype specific immu- 
25 nity inducing vaccine comprises enterovirus antigens representing diabeto- 
genic enterovirus serotypes or a cocktail thereof. 

II. Use according to claim 8 wherein said serotype specific immu- 
nity inducing vaccine is a vaccine against one or more serotypes selected from 
the group consisting of coxsackievirus B serotypes 1. 2, 3. 4, 5 and 6, echovi- 

30 rus serotypes 3, 4, 6, 9, 1 1, 22 and 30, and coxsackievirus A serotypes 9 and 
16. 

12. A vaccine composition comprising oral poliovirus vaccine (OPV) 
and a vaccine, which induces serotype specific immunity against non-polio 
enteroviruses. 
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13. The vaccine composition according to claim 12 wherein said se- 
rotype specific immunity inducing vaccine is a l<ilied enterovirus vaccine or a 
subunit vaccine. 

14. The vaccine composition according to claim 12 wherein said se- 
5 rotype specific immunity inducing vaccine comprises enterovirus antigens rep- 
resenting diabetogenic enterovirus serotypes or a cocktail thereof. 

15. The vaccine composition according to claim 14 wherein said se- 
rotype specific immunity inducing vaccine is a vaccine against one or more se- 
rotypes selected from the group consisting of coxsackievirus B serotypes 1 , 2, 

10 3, 4, 5 and 6, echovirus serotypes 3, 4, 6. 9, 1 1, 22 and 30, and coxsackievi- 
rus A serotypes 9 and 16. 

16. Use of a vaccine, which induces serotype specific immunity 
against one or more serotypes of diabetogenic non-polio enteroviruses se- 
lected from the group consisting of coxsackievirus B serotypes 1, 2, 3, 4, 5 

15 and 6, echovirus serotypes 3, 4. 6. 9, 1 1 , 22 and 30. and coxsackievirus A se- 
rotypes 9 and 16 for the manufacture of a vaccine against non-polio enterovi- 
rus diseases, especially Type 1 diabetes mellltus (IDDM). 

17. Use according to claim 16 for the manufacture of a vaccine to 
be administered to pregnant women or children. 

20 18. Use according to claim 16 for the manufacture of a vaccine to 

be administered prenatally to the pregnant woman and postnatally to the baby. 

19. A method of preventing non-polio enterovirus diseases com- 
prising the administration of an effective amount of oral poliovirus vaccine 
(OPV) to a human subject. 

25 20. A method of preventing Type 1 diabetes mellitus (IDDM) com- 

prising the administration of an effective amount of oral poliovirus vaccine 
(OPV) to a human subject. 

21. A method of preventing non-polio enterovirus diseases in the 
offspring comprising the administration of an effective amount of oral poliovirus 

30 vaccine (OPV) to pregnant women. 

22. A method of preventing Type 1 diabetes mellitus (IDDM) 

in the offspring comprising the administration of an effective amount of oral 
poliovinjs vaccine (OPV) to pregnant women. 

23. A method of preventing non-polio enterovirus diseases, espe- 
35 cially IDDM, comprising the administration of repeated doses of an effective 

amount of oral poliovirus vaccine (OPV) to children. 
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24. The method of claim 23 wherein the first OPV is administered 
by the age of 3 months. 

25. The method of claim 24, wherein the OPV is administered at the 
age of about 0, 6, 10, and 14 weeks and boosters at older age. 

5 26. A method of preventing non-polio enterovirus diseases, espe- 

cially IDDM, in the offspring comprising the administration of an effective 
amount of oral poliovirus vaccine (OPV) prenatally to the pregnant woman and 
postnatally to the baby. 

27. The method of any of claims 19 to 26, wherein the administra- 
10 tion of OPV is combined with the administration of a vaccine, which induces 

serotype specific immunity against non-polio enteroviruses. 

28. The method of claim 27 wherein the serotype specific immunity 
inducing vaccine is a killed enterovirus vaccine or a subunit vaccine. 

29. The method of claim 27 wherein the serotype specific immunity 
15 inducing vaccine comprises enterovirus antigens representing diabetogenic 

enterovirus serotypes or a cocktail thereof. 

30. The method of claim 29 wherein the serotype specific immunity 
inducing vaccine is a vaccine against one or more serotypes selected from the 
group consisting of coxsackievirus B serotypes 1, 2, 3, 4, 5 and 6, echovirus 

20 serotypes 3, 4, 6, 9, 1 1, 22 and 30, and coxsackievirus A serotypes 9 and 16. 

31. A method of preventing non-polio enterovirus diseases, espe- 
cially IDDM, comprising administering an effective amount of a vaccine, which 
induces serotype specific immunity against one or more serotypes of diabeto- 
genic non-polio enteroviruses selected from the group consisting of cox- 

25 sackievirus B serotypes 1, 2, 3, 4, 5 and 6, echovirus serotypes 3, 4, 6, 9, 11, 
22 and 30, and coxsackievirus A serotypes 9 and 16. 

32. The method of claim 31 wherein the vaccine is administered to 
pregnant women or children. 

33. The method of claim 31 for preventing the disease in the off- 
30 spring comprising the administration of the vaccine prenatally to the pregnant 

woman and postnatally to the baby. 

34. A vaccine which induces serotype specific immunity against one 
or more serotypes of diabetogenic non-polio enteroviruses selected from the 
group consisting of coxsackievinjs B serotypes 1, 2, 3, 4, 5 and 6, echovirus 

35 serotypes 3, 4, 6, 9, 1 1 . 22 and 30, and coxsackievirus A serotypes 9 and 16. 
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35. A method of avoiding iiarmful side effects of non-polio enterovi- 
rus vaccines, which induce serotype specific immunity against non-polio en- 
teroiruses. said method comprising administering an effective amount of said 
non-polio enterovirus vaccine simultaneously, before or after administering an 
effective amount of oral poliovirus vaccine (OPV) to a human subject. 
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